The growing demand of green maize for biogas production in Northern Italy
Introduction
Biogas production from energy crops has grown strongly over the last years in Italy, as a consequence of the subsidization policy. The wide majority of Italian biogas facilities are located in the Po Valley Regions (Piedmont, Lombardy, Veneto and Emilia-Romagna), an area characterized by an intensive agriculture and a high degree of urbanization. With one of the highest concentrations in Europe, Lombardy is the region that holds the main share of biogas plants in Italy (361 at the beginning of 2013, equal to 40% at national level).
However, as many biogas plants use maize silage, such emerging activity has been accused to increase maize demand with two main consequences: i) pushing up (locally) land rent price and ii) raising its opportunity cost as livestock feed in a Region where, before the proliferation of biogas plants, animal production represented about 60% of the value of agricultural production (Cavicchioli, 2009) . According to such criticism, in Italy the share of maize area allocated for biogas production increased from 0.4% in 2007 to more than 10% of arable crop mix in 2012, reaching 18.2% in Lombardy (Mela and Canali, 2014) . Therefore such competition may put under pressure agri-food supply chain, among which some important Protected Designation of Origin, such as Grana Padano and Parma ham. 
. This incentive system has shaped the organizational models and the technology implementation adopted by farms for biogas: plants with an electric capacity less than 1 MWe were entitled to receive the all-inclusive feed-in tariff equal to 0.28 €/kWh for 15 years, 3 leading the majority of biogas plants to build a capacity slightly less than 1 MWe in order to maximize subsidies. 4 Most of biogas facilities in Italy produce therefore only electric energy since economic incentives were high enough to support it, notwithstanding cogeneration (production of electricity and heat) would allow a more efficient utilization of biogas (CRPA, 2008) .
2 See Law 99/23 July 2009. 3 With the introduction of the Law 99/23July 2009, biogas plants up to 999 KWe, fell within the mechanism of the all-inclusive feed-in tariff of 0.28 €/kWh produced, ensured for a period of 15 years. Biogas plants having an installed power capacity bigger than 1 MWe fell within the Green Certificates incentive mechanism system, guaranteed by the Government for a period of 15 years. In the biogas sector, the number of certificates issued by the GSE (Gestore Servizi Energetici -Italian National Grid Operator) corresponded to the plant's electricity production multiplied by a factor of 1.8. As a result, according to data from the GSE on certificate buyback prices and on power wholesale prices, average remuneration from Green Certificate for biogas power between 2011 and 2013 was 22.3 € c/kWh. 4 FIT, more profitable than the Green Certificates incentive mechanism, was available only for plants below the threshold of 1 MWe. Within this category, plants that better maximize the profits were those with capacity slightly less than 1 MWe (999 kWe), more efficient and able to produce more energy compared to smaller plants (e.g. 250 kWe).
Previous studies (e.g. Haas et al., 2011; Britz and Delzeit, 2013) suggest that public support to renewable energy may distort entrepreneurial choices when subsidies assure higher profits at lower risk (as in the case of FITs) that, in turn, implies additional costs charged to taxpayers (Chinese et al., 2014) . At a time of economic stagnation, public debate arose in Italy focusing on such high costs of renewable energy support (Galeotti, 2012 (Galeotti, ) prompting, in 2012 the Italian Government to introduce an incentive structure tuned with those in force in other European countries (Hahn et al., 2010) . From January 2013, the subsidies (comprised in a range between 0.236 and 0.085 €/kWh, see Table 1 ) have been reduced and further decreased with the increase of plant size. Moreover, in order to encourage the utilization of manure and by-products instead of energy crops, the subsidies have been related to the type of feedstock used in the blend. In the present paper the two different incentive systems described above will be hereafter referred to as pre 2013 and post 2013 policy system.
The evolution of Italian biogas market and incentive policy has been examined in some recent papers. 6 Carrosio (2013) proposed an analysis based on the neo-institutional lens. In particular, he argued that the dominance of one particular organizational model -i.e. 999 kWe plants using a mix of livestock manure and energy crops -was the result of a monopolistic gas market associated to a particular incentive system and uncertainty about the technology. These elements have promoted an isomorphic structure less than effective in using biogas production, with low environmental efficiency. Chinese et al. (2014) , investigated the effect of pre 2013 and post 2013 Italian biogas support schemes, focusing on the optimal plant size, feedstock mix and profitability, using a spatially biogas supply chain optimization model. Such simulation makes assumptions on maize supply, using cultivation and harvesting cost as a proxy for input price. Main results, showed that the post 2013 new regulation should move the system toward small optimal plant size, mainly fed by manure, and so reducing the pressure induced by energy crop-based plants.
Building upon and improving existing literature, the aim of this paper is to analyze the impact of biogas production in Lombardy on maize demand, price and, in turn, on economic sustainability for other agri-food supply chains. To do so, we build up a partial equilibrium framework, by explicitly modeling and integrating demand-side biogas industry and supply-side agricultural sector. Using such a modeling framework we perform a comparative-static exercise, deriving market clearing 5 Decree of the Ministry of Economic Development of 6 July 2012 6 More in general, many studies analyzed the agro-energy sector in Italy from different view point. For example, Donati et al. (2013) investigated the water requirements of energy crops production in Emilia Romagna. Bartolini and Viaggi (2012) and Bartolini et al. (2015) studied how different CAP policies (i.e. CAP 2014-2020 reform) affect the adoption of agro-energy production in Emilia Romagna and Tuscany, respectively. price and quantity for maize under pre and post 2013 support scheme. This integrated model allows then to emphasize the effects of different energy policies for biogas production on maize equilibrium price and, in turn, on the differential demand of land for maize silage, energy production and biogas plant profitability. Furthermore, in so doing, we quantify the differential effects of energy policies, mediated by maize price, on non-biogas food supply chains, and in particular on the more important Italian PDO cheese and on Parma ham production. More in general, this aspect is of paramount importance in Lombardy agricultural context, where recent changes in the CAP (such as the removal of milk quota scheme from March 2015 and the constraints related to green payments) will put the livestock and milk sector under growing competitive pressure. This paper is the first application to Italian biogas sector of a partial equilibrium framework, firstly adopted by Delzeit et al. (2010) in Germany. Such approach allows to add relevant contributions as compared to papers on similar topic in Italy (i.e. Chinese et al., 2014) in terms of equilibrium displacement effects under different energy policy options: i) Comparison of market clearing price for maize before (actual) and after (estimated) the introduction of biogas sector, and under pre and post 2013 biogas energy policies; ii) differential demand of land for maize silage; iii) differential biogas energy production and profitability.
The paper is structured as follows: Section 2 provides the problem setting, relates it to the relevant literature and motivates our methodology; additionally, data and models parameters are described.
In Section 3 we illustrate and explain the model results under alternative policy scenarios. Section 4 summarizes the main findings and draw policy implications.
Methods

Modeling framework for biogas production
Biogas production from agricultural biomass is based on bulky raw products (energy crops, manure and/or by-products), with small-scale, localized demand and high unitary transportation costs. This demand depends on location decisions of numerous bioenergy processing plants which are driven to a large extent by regional heterogeneity in production (yield) and transport costs of feedstock, especially if there is small spatial variability in other factors affecting biogas production, such as input and output prices, investment costs and operational costs (Delzeit et al. 2011 ). Biomass demand for energy production, in turn, influence regional markets for bioenergy feedstock (Mertens et al. 2014 ) and will interact with the market for crops devoted to non-biogas uses. Such "sideeffects" call for a comprehensive assessment of all these inter-linked markets. In order to carry out an integrated assessment of agricultural and bioenergy sector accounting for alternative policy scenarios, several interdisciplinary approaches have been developed by combining micro-economic and multi-criteria methodology (Delzeit et al., 2011; Rozakis et al., 2012a) , mixed integer linear programming (Chinese 2014) , nonlinear programming (Stürmer et al. 2011) , survey information and farm-household mathematical programming (Bartolini and Viaggi, 2012) , Positive
Mathematical Programming integrated models (Donati et. al, 2013) , dynamic mathematical programming (Bartolini et al., 2015) , multi-agent modelling approach (Mertens et al. 2014) or using approaches based on geographical information systems (Delzeit et al., 2009a; Fiorese and Guariso, 2010; Sorda et al., 2013) .
In order to assess how the Italian subsidies to biogas production influence agricultural markets we apply a partial equilibrium model on two areas of Lombardy region; such model couples a demandside biogas industry model and a supply-side agricultural model. Following the approach proposed by Delzeit (2010) , we first applied at Lombardy context a location model based on linear programming that estimates regional demand for maize silage from biogas production as a function of prices and further explanatory factors such as transport costs and economic profitability of biogas plants (see Section 2.1.1). Moreover, in order to assess the impact of biogas production to the agricultural sector, an arable agricultural supply model is needed. Using the bottom-up approach proposed by Sourie and Rozakis (2001) to investigate the energy crop sector in France, we built an agricultural model in which farmers are supposed to maximize individual welfare subject to resource and agronomic constraints (see Section 2.1.2). By coupling ReSI-M (demand function of maize silage by biogas plants) to the agricultural model (supply of maize silage for biogas plants) we built a partial equilibrium model of maize silage for biogas industry; such model delivers the market-clearing prices and quantities under different energy policy scenarios, allowing also to estimate the changing demand of land for maize silage in the agricultural sector (see Section 2.1.3).
The industrial model (ReSI-M)
The starting point of our analysis is the ReSI-M (Regionalised Location Information SystemMaize) model, developed by Delzeit (2010) . The aim of regionalized location model ReSI-M was to simulate, using a sequential process, the number of plants established in German regions based on independent, decentralized investments, accounting for their location in sub-regions and for their typology; such typology is classified according to plant size and feedstock mix at given feedstock prices. Through an iterative maximization of the ROI (Return on investment, computed as the ratio between operational profits and total investments) the model estimates the optimum level biogas plants in each area under investigation.
Operational profits
, for a specific biogas plant type s established in the location region c are defined as the difference between output y times price p (revenue), operational costs oc net of feedstock, and feedstock costs. The latter are determinate as the sum of per unit transport costs tc and feedstock price w multiplied by the variable input demand x. Formally,
Unitary transport cost tc depends on the regional availability of feedstock, which is determined by spatially specific parameters. These are the share of arable land on total land and its spatial distribution, feedstock yields and the amount of feedstock already used (see model specifications below).
The number of plants built n c,s of a specific type s at price w is assumed to depend on plants' ROIs.
For each plant, ROI is calculated from yearly operational profit , as defined in (1) and total investment costs I s :
The objective of the location model is to determine the total feedstock demand d for regions c at given feedstock demand prices w (3). Total regional demand d is obtained as sum of plant type s specific feedstock demand x times their specific-location number n:
The model is implemented through an iterative approach: in a first step, unitary transportation costs for the defined regions and plant types are derived. In a second step ROI for each location-type combination is maximized, assuming different maize prices and the combination with the highest ROI is chosen. After each iteration, the regional feedstock availability is reduced by the demand from simulated plant, which causes, in turn, the increase of transport costs. During subsequent iterations these steps are repeated while minimal total transport costs for each location-plant type combination are determined by solving independently standard minimization (LP) problemTransportation Problems (see Domschke and Drexl, 2005) , given regional maize and manure availability.
From all possible locations and plant types, the combination with the highest ROI is chosen in any iteration. The iteration process continues until the type-location combination ROI exceeds an assumed minimum interest rate or the feedstock is out of stock. The model specification is defined below (Delzeit et al. 2009b ) as key objective function and side conditions, while indices, parameters and decision variables are displayed in Figure 2 .
Objective function: Condition (5) ensures that maize transported from regions to plants doesn't exceed that produced in a region. Input of maize and manure for a plant at a certain capacity is related with the transports in condition (6) and (7). Additionally, for maize, a loss of 8% is considered. Constraint (8) relates the inputs to the residues for each plant sizes. Constraints (9) to (12) determine the value range for variables. Transportation costs for maize (13) and residues (14) are represented by a cost term for the first kilometer; from the transport costs for further km, the first kilometer is subtracted. In the case of maize, additional transport costs arise as maize is used and are also a function of land distribution in the respective region (15). Total transportation costs for maize are represented by (16); the factor 1.33 accounts for the fact that streets are never in a straight line.
An overview on ReSI-M is provided in Figure 3 .
The agricultural model (MAORIE)
The agricultural sector model belongs to the MAORIE family of models (Modele Agricole de l'Offre Regionale INRA Economie, see Carles et al. 1997) in which the arable crop sector is represented by a sub-model for each farm in the sample; the sub-models are assembled in a staircase structure. The models purpose is to anticipate farmers' behavior concerning land allocation for various crops. Each producer f maximizes an objective function represented by expression (17).
Yields and feedstock availability at given prices are taken directly from agricultural statistics; Objective function:
S.t.
Land resource constraints:
Quota on sugar-beet cultivated area:
Agricultural and flexibility constraints:
Non-negativity constraints:
For each energy crop d∈ D and for each m-tuple of prices j∈ J, the agricultural model provides the quantities q j d proposed by the farmer maximization gross margin. Therefore, we have:
Outputs of the agricultural model are quantities of crops supplied by the agricultural sector for predefined sets of maize silage prices supplied by biogas sector. Only maize silage is considered as energy crop for biogas and a grid of all possible prices at which it can be sold at farm gate is constructed.
We perform successive iterations parametrically optimizing for all possible prices for silage maize (p maize = {30…70 €/ton}) providing a wide range around the typical average maize prices of 45 €/ton, in order to obtain corresponding optimal quantities produced. While performing such iterations, the model extends the optimal sample quantities and land allocation to the universe of represented farms using appropriate weights. Aggregating the outputs of the model we obtain the agricultural supply function for maize silage at NUTS 3 (Nomenclature of Territorial Units for Statistics) 7 level. Final outputs of the model provide at the same time optimal crop mix distributions in each region under study beside the supply of feedstock available for biogas production.
The integrated model
For the purpose of our research Lombardy (NUTS 2 region) is splitted in NUTS 3 level regions; the above mentioned models were applied on two NUTS 3 regions, namely Brescia and Cremona. To find the optimal number of plants at a certain size and location, we apply the iterative approach as discussed in Section 2.1.1, assuming a grid of all possible maize prices (p maize = {30…70 €/ton}).
Since feedstock availability decreases over iterations and per unit transport costs increase, profits decrease during the interactive process. Consequently, any location-size plants combination with a ROI below the minimum level of interest rate in a given iteration will never be considered in any subsequent iteration, speeding up the process further.
Results are regional feedstock demand curves originating from biogas production. Market clearing prices and quantities for each NUTS 3 region can be calculated by intersecting maize demand curves from ReSI-M with maize supply curves from MAORIE. An overview on the underlying logic of this partial equilibrium approach is provided in Figure 5 .
Case study for the Lombardy region: data and model specifications
Lombardy is the region with the largest number of biogas plants in Italy. At the beginning of 2013
there were 361 plants, particularly concentrated in the plain of Brescia (68 biogas plants, with a total installed power equal at 50 MWe) and Cremona (137 biogas plants, with a total installed power equal at 101 MWe). 73% of Lombardy plants had an installed power capacity between 500 kWe and 1000 kWe, 4% above 1000 kWe, 10% between 250 and 500 kWe, and 13% less than 250
kWe. To feed them it is estimated that each year about 3,000,000 tons of maize silage, 800,000 tons of other energy crops, and 5,000,000 tons of manure coming from livestock are used (Peri et al., 2013 of Lombardy agricultural production value (Cavicchioli, 2009 ).
Below we describe the data set and assumptions that have been introduced in order to model the biogas industry (feedstock demand) and the agricultural sector (feedstock supply) in Brescia and Cremona, which together hold the 52% of the installed power of Lombardy ( Figure 6 ).
Demand-side biogas industry model
We distinguished five possible size classes of biogas plants (130, 250, 530, 999 and 2000 kWe) operating in cogeneration (i.e. the combined production of heat and power -CHP) and with different maize and manure shares (see Table 2 ). Size class segmentation reflects differences in output prices (energy sold by biogas plants) according to the current legislation (Table 1) . We apply ReSI-M modeling framework in Brescia (BS) and Cremona (CR) NUTS 3 regions. ROI for several type-location combinations is determined in both NUTS 3 regions according to their size and feedstock density.
Concerning the energy crop mix we consider only maize silage, so we have converted the remaining energy crops (approximately 1/4 on the total) in maize equivalent units, based on their energy efficiency (Frascarelli, 2012) . Such simplification has been necessary for a matter of model tractability and may induce a slight overestimation in maize silage demand.
8
Regarding the demand for maize silage from biogas plants we set 2012 as reference year, the last year before the beginning of the new incentive system and for which detailed data are available (Fabbri et al., 2013) mainly as an outcome of a research project funded by Lombardy Region to assess the economic and environmental impact of biogas on agri-food supply chains, hereafter referred as Eco-biogas project (Regione Lombardia, 2013).
We assume that transport costs for maize are fully paid by the biogas plant. 9 We account for different shares of arable land within the NUTS 3 regions, so that transportation costs increase as the amounts of feedstock necessary to feed the existing plants during the iteration process increase.
Moreover, even though Brescia and Cremona have high livestock densities, in order to analyze the effects of new policies on the overall profitability of the plants, we assume that also transport costs for manure are fully paid by biogas plant.
We have excluded mountain and urbanized areas (as classified by the Italian National Institute of Statistics, ISTAT) as possible locations for biogas plants, assuming that zoning laws and low feedstock availability prevent installation of plants in these areas. Driving distances and in turn the intra-regional transportation costs of feedstock have been estimated by computing mean and variance of the share of arable land for each NUTS 3 region.
Exogenous data used to determine profits (production and processing costs) for biogas plants are taken from the literature (Frascarelli, 2012; Ragazzoni, 2011) ; data on revenues are derived from electricity prices according to past and the current legislation (policy pre and post 2013, see Table   1 ). Assumptions on average energy efficiency and maximum operating hours were also taken from Frascarelli (2012) . Transportation costs for maize are extracted from Delzeit (2010) . Data on the 8 Such conversion has been necessary as the version of ReSI-M employed (see Delzeit, 2010) The main crops cultivated by those farms are: maize grain, soft wheat, soya bean, durum wheat, maize silage, alfalfa and other grain legumes.
Data used at farm and crop level were: prices (€/ton), yield (ton/hectare), subsidies (€/ton and €/hectare depending on the type of crop) and variable costs (€/hectare). Variable cost includes:
fertilizers and soil ameliorants, seeds and seedlings purchased, water, crop protection, lubricants and fuels, electrical energy, running maintenance of equipment, land improvements and maintenance of buildings , salaries, wages of hired labor as well as social taxes.
On the basis of data from Regione Lombardia (2013) 
Policy scenarios
As mentioned at the end of the introduction, the multiple impacts of biogas sector are estimated using a partial equilibrium displacement approach simulating the maize silage market for biogas. In Table 1 ). Farm supply and biogas industry demand are derived assuming different exogenous prices (from 30 € to 70 €) for maize silage. Table 1 ). Farm supply and biogas industry demand are derived assuming different exogenous prices (from 30 € to 70 €) for maize silage.
From market clearing quantities obtained in Scenario 1 and 2, we derive backward the optimal amount of land required for maize and downward the future installable power (Tables 5 and 6 ).
Models validation
To verify whether and to what extent the industrial model fits the productive reality in Lombardy, we set the same policy framework under which plants existing in 2012 were built, namely the pre 2013 policy framework, and we fix the maximum amount of available maize equal to the share of maize silage already used by these plants. Since 2012 biogas plants consumed about 800,000 tons/year of maize silage in Brescia and 1,870,000 tons/year in Cremona (Regione Lombardia, 2013) , this is therefore the maximum amount of maize silage that we made available to the model in this first simulation. Figure 7 compares the reported shares of installed power in Brescia and
Cremona with the simulated shares from the modelling exercise. As we can see, the model fits quite well the actual situation. The difference of -7MW observed in Brescia is due to the exclusion from the simulation of some medium and small plants, using mainly manure and then not affecting silage maize market.
Acting as a profit maximization model, ReSI-M chooses the plant typology that maximizes ROI (999 kWe, more efficient but using more maize), minimizing the heterogeneity of the simulated plants. Consequently, with the same quantity of maize silage, the simulation yields 43 MWe of 
Absolute deviations between observed and predicted land allocation shown in Table 3 , fit well the most representative crops and, consequently, the total weighted deviation is limited (below 20%) and in line with the values found in the literature for MAORIE type models (Kazakçi et al. 2007; Rozakis et al., 2012b) .
The high level of AD for maize silage is due to under-representation of such crop in the sample as sample farms are specialized mainly in cereals and other arable crops to be sold on the market.
However, if we consider the summation of grain ad silage maize surfaces simulated by the model, we observe lower AD values because the model fits better the total maize area. Such summation it is appropriate as, at farm level, silage and grain maize surfaces are interchangeable: farmers are free to decide during the year whether to produce silage or grain maize according to the time of harvest and the expected market prices of the two products. The agriculture supply model is therefore enough representative of farmers' behavior concerning land allocation for crops of interest for the present analysis. Optimal land allocation presented in Table 3 is referred to the sample; the model extends such results to the universe of farms represented in such sample (see sections 2.1.2 and 2.2.2) in Brescia e Cremona, yielding the maize silage production from which are computed the hectares potentially available for biogas production (see Table 4 ).
Results and discussion
The three above mentioned scenarios allow to estimate a partial equilibrium model of maize silage demand and supply for biogas production under two different energy policy schemes. Scenario_1 and _2 yield, for Brescia and Cremona, market clearing quantities and prices, energy production and the amount of land allocated for maize silage production. Consequently, a comparison between the two scenarios allows to quantify the impact of changing energy policy on the above mentioned outcome variables (installed power, prices, quantities and land allocation for maize silage). The double impact on agricultural sector and agri-food supply chains is measured in terms of change in maize silage price, affecting feed cost for livestock farms, and in terms of changing demand of land for maize silage.
In Scenario_0, the simulated hectares of maize silage potentially available for biogas production (assuming an exogenous price of 30 €/ton equal to the average market price for the maize silage in 2008) is equal to zero in Brescia and quite low (1,738 ha, 1.29% of total UAA) in Cremona (Table   4 ).
In estimating maize silage demand in Scenario_1 and _2 we have accounted for the amount of maize unavailable as already used by plants built till 2012 (529,952 tons in Brescia and 1,248,266 tons in Cremona, see tables 5 and 6). Furthermore we have bounded the demand of maize silage to the maximum amount that can be produced in each area (equal to total UAA for farms with Type of Table 5 . Up to 55 -60 €/ton, the demand is totally inelastic in both provinces, this means that, for prices lower than 55 €/ton, the model is limited by maize silage unavailability, rather than by loss of plants profitability due to increase in maize silage price and transportation costs. Indeed, the maximum amount available is used as feedstock for biogas production. As compared to actual maize silage price in 2012 (36.9 €/ton), 13 pre 2013 policies would make it to rise to 57 €/ton in Brescia (+56%) and 60 €/ton in Cremona (+64% (Table 5 ).
In Scenario_2 we introduced the new policy system (policy post 2013). Thus we repeat the Scenario_1, replacing the old policy framework with the new one. Table 6 reports main outcomes under Scenario_2 assumptions.
By assigning a higher premium per kWh produced, the new incentive system is intended to reward smaller plants (lower than 300 kWe), whose input has an energy crops/manure ratio significantly lower, with respect to bigger plants (see Table 2 ). Consequently the equilibrium price of maize silage decreases significantly in both areas, in comparison with Scenario_1: 38 €/tons in Brescia and 42 €/tons in Cremona (Figure 9 ), to levels closer to actual price in 2012 (36.9 €/ton), in line with the actual maize silage market price in Lombardy (ca. 40 €/ton in 2014). 14 As show in Table 6 , land required to produce market clearing quantities of maize silage amounts to 879,915 ha (8.18%
of UAA) in Brescia and 1,590,005 ha (19.67% of UAA) in Cremona. Land required for biogas feeding is then far lower with respect to Scenario_1 (Table 7) ; consequently the impact of biogas production on land allocated to maize silage is mitigated under the new incentive system with respect to the old one (Scenario_1). The new incentive system would therefore decrease the pressure on agri-food supply chains by diminishing both the demand of land for energy crops and the feed costs for livestock farms (by lowering silage maize prices). Scenario_2, the increase of biogas plants is not limited by maize availability but by the loss of profitability due to incentives reduction. This is due to the lower quantity of maize silage needed for small plants to operate (1,000 tons/years rather than 18,000 of 999 kWe) given their lower ratio between used maize and installable power (Tables 5-6 
Conclusions and policy implications
This paper studies the effects of two alternative energy policies for biogas subsidization on the market equilibrium of the maize silage, as main energy crop in Lombardy. We adopt a partial equilibrium approach, simulating (with Linear Programming models) agricultural supply and biogas demand of maize silage for biogas production under two policy scenarios. In so doing we measure, on one side the effects of biogas introduction and, on the other, the consequences of different biogas subsidization systems, also compared to pre-biogas period. The change in policy option displaces simulated market equilibria, yielding different prices and quantities of maize silage, from which, in turn, we derive the demand of land for maize silage and biogas installable power. A comparison can 16 A similar result of the application of the new incentive system is also confirmed in the case study of FriuliVenezia-Giulia region (see Chinese et al. 2014 ). then be made both between the outcomes of market equilibria under different subsidization schemes and among actual (pre-biogas, until 2008) and simulated maize silage prices. Such comparison, along with the change in demand of land for maize silage, measures the competition exerted by biogas industry against agri-food supply chains. The bigger is the rise in simulated maize silage price (with respect to pre-biogas price) the bigger will be the demand of land devoted to such crop, and consequently subtracted to grain maize. Such double effect raises feed costs for livestock farms, According to evidence of the present work, the old biogas subsidization system (pre 2013 policy), based on the feed-in tariff, would foster investments in bigger plants (999 kWe, with a 2:1 maizemanure ratio) assuring higher profitability (measured as ROI) that would cause an increase in demand for maize silage, with consequent negative effects on the price (rising).Therefore, if the incentive policies would had remained unchanged, in areas with the highest density of plants a significant competition could had occur between the biogas sector and agri-food supply chains (cow and pork meat and milk sectors) even in the short term.
With the new incentive system (post 2013 policy), the simulated market conditions would had been different, compared to the above mentioned policy option, with smaller plants, in terms of installable power (i.e., 130 kWe), having a maize slurry ratio of 1:10. As a result, the maize demand from the biogas sector would have decreased, attenuating, in turn, the demand of land for maize silage. We observe, therefore, an important first effect due to the introduction of the new incentive policies: the distribution of biogas plants is strongly linked to the availability of manure; from an hypothetical situation of competition, the system moves to a situation of complementarity between the biogas sector and regional meat and milk sectors. (Donati et al., 2013) .
Further developments should also pertain the quantification of Direct Land Use Change (D-LUC) that occur on crop mix distribution at the equilibrium price, considering as well the Indirect Land Use Change (I-LUC) caused by the shift from maize grain for livestock to maize silage for biogas.
This would allow a cost-benefit analysis of biogas production in Lombardy and the costs for the community in terms of energy production and saved CO 2 emissions. 
Time horizons 15 Years 20 Years
Source: Readapted from Chinese et al. (2014) 
